The cause of the suppression of plasma renin activity (PRA) in many patients with essential hypertension and normal aldosterone excretion is unknown. Since mineralocorticoid excess can lower PRA, we attempted to evaluate the activity of salt-retaining hormones in these patients by measuring the salivary Na/K ratio. The median Na/K ratio in 20 hypertensive patients with suppressed PRA and normal or low aldosterone excretion was 0.71. This was significantly lower than the median of 1.38 in 29 normal subjects and the median of 1.05 in 15 hypertensive patients with normal PRA.
SUMMARY
The cause of the suppression of plasma renin activity (PRA) in many patients with essential hypertension and normal aldosterone excretion is unknown. Since mineralocorticoid excess can lower PRA, we attempted to evaluate the activity of salt-retaining hormones in these patients by measuring the salivary Na/K ratio. The median Na/K ratio in 20 hypertensive patients with suppressed PRA and normal or low aldosterone excretion was 0.71. This was significantly lower than the median of 1.38 in 29 normal subjects and the median of 1.05 in 15 hypertensive patients with normal PRA. Excess dietary intake of salt is a possible cause of PRA suppression in these patients, but our findings indicate that high rather than low Na/K ratios would be expected if this were present. On the other hand, both the salivary electrolyte changes and the suppression of PRA are consistent with the hypothesis that mineralocorticoid excess is present in these patients, despite the failure to demonstrate elevated excretion of aldosterone.
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Mineralocorticoid excess Adrenal adenoma Urinary sodium and potassium Plasma potassium M ANY PATIENTS with essential hypertension have lower than normal levels of plasma renin activity (PRA), particularly when this is measured after the provocative stimuli of salt restriction and upright posture.1-7 Some of these patients have elevated rates of aldosterone secretion or excretion, and in these patients an aldosterone-producing adrenal adenoma is commonly found. We and others, however, have observed that the majority of hypertensive patients with PRA suppression do not have elevated aldosterone levels.'36'7 The cause of the abnormal PRA in these individuals is not known.
One possible explanation for this abnormality might be the presence of increased mineralocorticoid effect, in spite of the failure to detect overproduction of aldosterone. To investigate this possibility, the salivary Na/K ratio was measured, since this ratio has been shown to be an index of the total effect of saltretaining hormones. Studies on a group of 20 hypertensive patients who had the combination of suppressed PRA and normal or low aldosterone excretion revealed that the salivary Na/K ratio was significantly lower than normal; this finding suggests that increased mineralocorticoid effect may indeed be present in this sizable segment of the hypertensive population.
Methods
Thirty-five patients with hypertension were studied. All were evaluated with the usual clinical and laboratory procedures by their private physicians or in the outpatient clinics of Temple University Hospital, and none was found to have renovascular or other known forms of curable hypertension. None of the patients had malignant hypertension.
Nineteen of the 35 patients were referred to us for study while they were hospitalized for treatment or evaluation of the hypertension. The other 16 patients were first studied by us in the office or clinic, as part of an investigation in which a large number of hypertensive patients were screened for suppression of plasma renin activity (PRA). That study is the subject of a separate report.7 In brief, PRA was stimulated by a single 80-mg oral dose of furosemide, followed by 4 hr in the upright position. Patients whose PRA failed to rise above 100 ng% (nanograms) were then hospitalized, whenever possible, for measurement of PRA after a low sodium diet. Because of this selection, the present series is composed of more patients with low than with normal PRA, although the overall incidence of PRA suppression in our series of 100 hypertensive patients is about one in three. The 29 normal subjects were medical students, physicians, and laboratory personnel, 14 male and 15 female, ranging in age from 20 to 37 years. The salivary Na/K ratio was measured in the morning before breakfast, as described by Frawley and Thorn.8 A small block of paraffin was chewed, and the saliva formed was discarded for 5 to 10 minutes. Then 5 to 10 ml of saliva was collected in a clean test tube and analyzed for sodium and potassium.
The salivary electrolytes and the 24-hr urinary aldosterone excretion were measured while the hypertensive subjects were hospitalized and eating a normal hospital "house" diet containing 130 to 215 mEq of sodium. All patients had been on a normal diet and had had no diuretic medication for at least 2 weeks before the studies. The normal subjects collected their saliva specimens at home, before breakfast, while on their usual unrestricted diet.
PRA was determined when the subject had been upright for 4 hr following 3 days of a 10 mEq sodium diet. The method of Gunnells and co-workers9 was used. In 16 normal subjects studied by us under these conditions of diet and posture, the PRA ranged from 254 to 1,011 ng%, with a mean of 532 ng%.7 These results are similar to those of Gunnells and co-workers, who found a range of 242 to 900 ng% (mean, 601 ng%) in 14 normal subjects treated in the same way. Thus, in a total of 30 normal persons studied by us and by Gunnells and co-workers, the lowest value for PRA after salt restriction and after 4 hr in the upright position was 242 ng%, and 29 of 30 values were 254 ng% or higher. Based on this, we selected 250 ng% as the value below which PRA suppression was present.
Urinary execretion of aldosterone was measured at New England Nuclear Biomedical Assay Laboratories, Worcester, Massachusetts by the double isotope derivative method of Kliman and Peterson.10 The normal range for the laboratory is 5 to 19 ,ug/24 hr. The recovery of 0.1 ,ug of aldosterone standard, assayed together with each batch of urine samples reported here, averaged 98.3%. Urine pools of known value were also assayed with each batch; the mean difference between the true value and the assayed value of the urine pools was 2.8 ,ug, with a standard deviation of 2.1 ,g.
Urinary sodium and potassium were measured on the Technicon auto analyzer, method N-21A, and salivary sodium and potassium were measured on the Instrumentation Laboratory flame photometer. Results
Plasma Renin Activity
Plasma renin activity was suppressed (less than 250 ng%) in 20 patients and was normal in 15. Of the 19 patients studied without prior screening, nine (47%) had low PRA, while 11 (69%) of 16 patients admitted for study because of an abnormal screening test had low PRA. The characteristics of the groups with normal and suppressed PRA are shown in table 1.
Aldosterone Excretion
Urinary aldosterone was measured in the patients with suppressed PRA and was normal or low (less than 19 ug/24 hr) in each of the 20 patients included in this study (table 2). Aldosterone excretion was determined in nine of the 15 patients with normal PRA and was low or normal in all nine.
Salivary Na/K Ratio
In 29 normal subjects the salivary Na/K ratio ranged from 0.41 to 3.86, with a mean of 1.68 and a median of 1.38 ( fig. 1 ). The salivary sodium concentration averaged 28.0 mEq/L (range, 6 to 56 mEq/L), and the potassium concentration averaged 17.6 mEq/L (range, 13.5 to 22.0 mEq/L).
In the 15 hypertensive patients with normal PRA, the salivary Na/K ratio varied from 0.51 to 5.08, with a mean of 1.67 and a median of 1.05. These results are not significantly Salivary Na/K ratios, on logarithmic scale, in normal subjects, hypertensive patients with normal PRA, and hypertensive patients with low PRA. Changes occurring in the salivary Na/K ratio of normal subjects on salt loading (addition of 8 bouillon cubes daily to the usual diet) and salt restriction, each for 3 days. Another patient, D. R., was found to have a 1.5-cm adenoma, surrounded by several small cortical nodules, in the right adrenal gland.
Three months after removal of the right adrenal gland the PRA was 260 ng% after an 80mg dose of furosemide, and the previously low serum potassium was 5.2 mEq/L. The salivary Na/K ratio remained low (0.25). A 
Figure 3
Relation of the salivary Na/K ratio to the daily urinary excretion of sodium in 22 normal subjects eating their customary diet. treatment the 24-hr urinary sodium excretion increased from a mean of 216 mEq to 465 mEq. The salivary Na/K ratio, measured after 3 days of salt loading, increased in each of the six subjects, rising an average of 35% ( fig.  2 ).
Salt Restriction
Eight normal volunteers used a diet limited to 10 mEq of sodium for 3 days. The 24-hr urinary excretion of sodium fell from a mean of 141 mEq to 18 mEq after 3 days of this diet. The salivary Na/K ratio fell in each of the six subjects after the 3 days of sodium restriction; the average fall was 48% ( fig. 2 ).
Relation of Salivary Na/K to Sodium Excretion
The 24-hr urinary excretion of sodium and the salivary Na/K ratios were measured in 22 normal subjects who were eating their usual diet. There was direct correlation between these two measurements; the subjects with higher urinary sodium excretion tended to have higher salivary Na/K ratios ( fig. 3 ). This was statistically significant (P <0.05) by the corner test.
Discussion
Many investigators have found a high frequency of suppression of plasma renin activity in patients with essential hypertension. In these patients the PRA failed to rise to Circulation, Volume XXXIX, May 1969 a normal degree after the usual provocative stimuli of sodium restriction and upright posture. This abnormality is found in few if any nonhypertensive individuals. The percentage of patients with essential hypertension who have suppressed renin responses varies from 11.8 in the 68 patients reported on by Ledingham and associates,1 to 53 in the series of 41 random hypertensives studied by Creditor and Loschky.2 Kuchel and his co-workers3 found suppressed PRA in 12 (41%) of 29 persons with essential hypertension. Gunnells and associates4 reported that 27% of 126 hypertensive patients studied had abnormally low renin responses. Of 100 patients reported on by Harris, and co-workers,5 30 had PRA suppression. Weinberger and his co-workers" found suppressed PRA in six of 19 patients with essential hypertension, an incidence of 31%. These groups of investigators seem to agree that a substantial proportion of hypertensive patients have PRA suppression. The reported incidence varies, perhaps because different methods of renin measurement and different definitions of normal renin levels were used, but the average incidence per study for the six reports mentioned above was 32%. We7 have found that about one in three hypertensive patients has suppression of PRA, an incidence similar to that reported by others.
The present interest in measuring PRA in hypertensive patients is largely a result of the demonstration that renin levels are low in primary aldosteronism.1' When elevated aldosterone secretion or excretion is found in a patient with suppressed PRA, the diagnosis of primary aldosteronism may be made with some assurance, and the cause of the low PRA seems clear. However, at least two groups of investigators, Ledingham and co-workers1 and Kuchel and his associates,3 have found that the majority of patients with PRA suppression have normal urinary levels of aldosterone. Our results also indicate that most of these patients do not have elevated aldosterone excretion. The cause of the PRA suppression in these persons is unknown. Since mineralocorticoid excess is known to inhibit renin production both in experimental animals12 and in patients with primary aldosteronism,1 it seemed of interest to measure the effect of salt-retaining hormones in these patients. Aldosterone levels had been found to be normal; therefore, we decided to measure the salivary Na/K ratio, an index of mineralocorticoid effect that does not depend on the measurement of a specific hormone. Because of renal escape from the long-term effects of mineralocorticoid excess, urinary Na/K ratios are not a reliable index of adrenal function. The electrolyte composition of sweat and saliva, however, continues indefinitely to reflect the level of mineralocorticoid activity by decreased Na/K ratios when salt-retaining hormones are present in excess. Frawley and Thorn8 showed that salivary Na/K ratios were increased in Addison's disease, decreased in Cushing's disease, and decreased in normal subjects given injections of desoxycorticosterone acetate. Lauler and associates13 found low ratios in hypertensive patients with primary and secondary aldosteronism. The test has proved to be of some value in the diagnosis of primary aldosteronism, but its usefulness is limited by the wide range of normal values and the overlap of values for normal individuals and those with aldosteronism.
Salivary Na/K ratios were measured in 20 hypertensive patients with suppressed PRA. Aldosterone excretion was normal or low in each patient, so that the cause of the PRA suppression was not apparent. The Na/K ratio in this group of patients averaged 0.76, which was significantly lower than the average ratio of 1.68 in a group of 29 normal individuals. It was also significantly lower than the average ratio of 1.67 in a group of 15 hypertensive patients, similar in other respects but with normally responsive PRA.
To assess the significance of the low salivary Na/K ratio in these patients, one must consider whether factors other than mineralocorticoid excess can produce this change. It is known that salivary electrolyte concentrations vary with salivary flow rate and time of day, but these factors were controlled by the use of a standard procedure for specimen collection in the three groups. Another possible influence on the Na/K ratio is the dietary intake of sodium. McCance14 has shown that restriction of sodium in the diet is followed by a fall in the salivary Na/K ratio. We confirmed this by demonstrating a 48% fall in the Na/K ratio in eight normal individuals after 3 days of a 10-mEq sodium diet. To determine whether the converse is true, we subjected six normal individuals to acute salt loading for 3 days, and observed a 35% increase in the Na/K ratio. When we compared the salivary Na/K ratios to the 24-hr urinary excretion of sodium in 22 normal subjects eating their usual diet at home, a direct correlation was found, the persons with higher urinary excretion of sodium tending to have higher Na/K ratios. Since the urinary excretion of sodium is generally accepted as reflecting the dietary intake of sodium,'5 these results suggest that the salivary Na/K ratio is directly related to sodium balance under conditions of usual dietary salt intake, as well as with acute salt loading or restriction. This presumably is mediated through the stimulation of aldosterone output by low salt intake, which tends to lower the ratio, and the suppression of aldosterone by high salt intake, which tends to increase the ratio.
The possible effects of diet must therefore be considered in interpreting our results. The subjects were eating a normal hospital diet when urinary aldosterone and salivary electrolytes were measured, and they had not been on salt-restricted diets for at least 2 weeks. Nevertheless, since exact sodium intake was not calculated except during the 3 days of salt restriction, it is possible that the hypertensive patients with suppressed PRA consumed less sodium than the other patients, and had lower Na/K ratios for this reason. This possibility is not excluded by our data, but since salt restriction is known to stimulate rather than suppress PRA, a low sodium intake by the patients with suppressed PRA seems unlikely.
The finding of lower than normal salivary Na/K ratios in this group of patients is of Circulation, Volume XXXIX, May 1969 Ono PLASMA RENIN ACTIVITY IN HYPERTENSION interest in view of the possible causes that have been suggested for the suppression of renin. If the hypertensive process itself resulted in local hemodynamic changes in the area of the juxtaglomerular apparatus, causing decreased renin secretion, one would expect resultant decrease in angiotensin II formation, a decrease in aldosterone secretion and, therefore, an increase in the salivary Na/K ratio. If renin activity were decreased because of a deficiency of renin substrate, the presence of renin inhibitors, or an excess of angiotensinase,6 one would also expect the end result to be a decrease in aldosterone secretion and a rise in the Na/K ratio. If primary renal retention of sodium were present, as described in a familial condition termed "pseudoaldosteronism" by Liddle and associates,16 aldosterone secretion would be suppressed, and the Na/K ratio increased; indeed, increased salivary Na/K ratios have been described in this condition by these authors and in a similar case by Milora and co-workers. 17 Perhaps the most widely held opinion is that excess dietary salt intake is the cause of the renin suppression in these patients. We have shown, however, that increased ingestion of salt is associated with increased salivary Na/K ratios, while the patients with PRA suppression have lower ratios than normal. Each of these possible explanations for PRA suppression, therefore, would be expected to cause a change in the Na/K ratio in a direction opposite to that observed. On the other hand, the hypothesis that increased mineralocorticoid activity is the cause of the suppressed PRA found in many of these patients is consistent with the observed changes in salivary electrolytes. This hypothesis is also consistent with the observed rise in PRA to normal levels after the removal of adrenal adenomas from two of the patients in this group.
If increased activity of salt-retaining hormone is responsible for the combination of renin suppression and electrolyte changes in these patients, why is aldosterone excretion normal? Several investigators have reported cases of primary aldosteronism with normal Circulation, Volume XXXIX, May 1969 urinary excretion of aldosterone.2"8 The possibilities that our present methods for measuring aldosterone may fail to detect increased biologically active levels of the hormone or that another mineralocorticoid may be involved deserve further investigation.
